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utilization of the liposomes for such purposes, facilitates th effectiveness of th drug in contacting tissues 
at selected sites since the drug will concentrate at the selected sites. At the same time, the drug 
concentration throughout the general body tissues will be greatly lower d to reduce undesirable side 
effects. 

Enhanced effectiveness of Bis-anthracyclines in liposomes vs free bis-anthracycltnes 

The bis-anthracyclines mentioned are generally more effective against mouse cancer than the parent 
mono-anthracycline, such as Daunorubicin, and effective clinical mono-anthracycline. On the other hand, 
the bis-anthracyclines were less potent and less effective than would be expected when extrapolated from 
the comparative tests in which the bis-a nth racy cline was found to be over 100 times as potent as 
Daunorubicin. If this discrepancy is due to the lower transport of the very large bis-anthracycline molecule 
into ceils or to the target cellular receptor, then overcoming this possible barrier should enhance the drug 
effectiveness of bis-anthracylines. 

Daunorubicin and Type I and/or Type (I bis-anthracyclines {see EP— B— 4467} were encapsulated in 
liposomes of the small unilamellar class, composed of phosphatide acid, L-alpha lecithins, and cholesterol 
These uniform small unilamellar vesicles were prepared by a final step of extrusion from a French Press at 
a pressure of 1170 bar. 

The liposome encapsulated Type il bis-anthracycline drugs and free drugs were compared for their 
capacity to kill leukemic cells. The free drugs were equally active and equally potent when Daunorubicin 
and the bis-anthracyclines were compared for the cell kill of L1210 leukemia cells. Daunorubicin was found 
to change only a few % (not significantly) between acting as a free drug or being liposome encapsulated 
(the (go was about 0.20 micromolar in both cases. However, the encapsulated bis-anthracycline was very 
much improved in antileukemic activity when liposome encapsulated as noted in Table 1 : 

TABLE 1 

Improved activity of liposome encapsulated bis-anthracyclines 
State l 90 Leukemic cell kill 



Free drug 0.250 micromolar 

Liposome encapsulated 0.003 micromolar 



In addition, Daunorubicin or bis-daunorubicin incorporated into these same liposomes and 
administered into BDF, mice carrying P— 388 leukemia, could be given at more than 2 times the lethal dose 
of the free drug without producing a lethal effect. Under these conditions they were still effective anti- 
leukemic drugs in vivo, showing that such encapsulation produced a therapeutic advantage in making the 
doses less toxic. Whereas the therapeutically effective injected dose of the Type II bis-anthracyclines in 
treating murine leukemia may be 10—50 mg/kg on a q 4 d schedule, when the bis-anthracycline is 
incorporated into these same phosphatidic acid-lecithins-cholesterol liposomes, it is 2 to 8 mg/kg or 5 fold 
less. Thus it has been observed that the same liposome that lowers the risk of anthracycline toxicity can 
enhance the potency of the bis-anthracyclines. The combination of these effects, increasing the dose 
needed to produce toxicity and increasing potency or lowering the dose required to achieve a 
therapeutically useful effect in treating in vivo murine leukemia, is called enhancing the therapeutic index 
of a drug. We have thus seen that incorporation into liposomes enhances or improves the therapeutic index 
of both mono anthracyclines, such as those now used for treating human diseases, and the new bis- 
anthracyclines. 

Directing drugs to specific or selective tissues in the mammalian species through incorporation in 
liposomes has been demonstrated. Table 2 below presents data in this regard and illustrates the effect of 
liposome size upon concentration in various tissues. 
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TABLE 2 



% Dose* in Selected tissues at various times after IV administration of size I and size ll b 

liposomes t mice 
Tissue 



Time 




Liver 




Spleen 




Lung 


hours 


Size I 


Size II 


Size 1 


Size II 


Size 1 


Size If 


after 1 


19.8 


24.1 


4.5 


5.0 


SH 


1.0 


after 5 


8.3 


1 20.51 


2.9 


2.7 


S3 


0.5 


after 24 


0.5 


0.7 


0.3 


0.3 




0.1 



*The drug used was cytosine arabinoside. The liposomes in both cases were composed of 
phosphatidyl choline, phosphatidyl serine, and cholesterol in the ratio 5:1:5. 
b Size I was extruded to yield approximately 1.2 Mm liposomes. Size II was extruded to 
yield approximately 0.5 u.m liposomes. 

20 

Table 2 shows that size I liposomes accumulate in lung tissue; whereas no difference with respect to 
spleen tissue is noted. At early times, size II liposomes, on the other hand, preferentially accumulate in liver 
tissue. 

25 Claims 

1. A method for the production of liposomes of uniform size comprising forming liposomes in 
relatively random sizes and decreasing their size by extruding the random sized liposomes through at least 
one orifice at a pressure of at least about 1170 bar. 
30 2. A method according to claim 1 wherein the or each extrusion is carried out in the presence of a 
therapeutic agent. 

3. A method according to claim 2, which includes the additional step of separating liposomes having 
encapsulated therapeutic agent from unencapsulated therapeutic agent. 

4. A method according to any one of the preceding claims, wherein the or a last said extrusion of 
35 succesive extrusions is the final step in the preparative process. 

5. A method according to any one of the preceding claims, wherein the liposomes are forced through at 
least one said orifice at a pressure up to 2070 bar. 

6. A method according to any one of the preceding claims, wherein the said liposomes are composed 
of lipids including phospholipids, macromolecuies, cholesterois, amphiphiles, or a mixture thereof. 

40 7. A liposome made by the method of any one of the preceding claims and incorporating a bis- 
anthracycline as claimed in European Patent No. 4467. 



Patentanspruche 

45 

1. Verfahren 2ur Herstellung von Liposomen regelmaBiger Gr6Se unter Bilden von Liposomen relativ 
unregelmaSiger GroBe und Verkleinern ihrer GrdSe durch Extrudieren der unregelmaBig groBen 
Liposome durch wenigstens eine Dusen6ffnung bei einem Druck von mindestens etwa 1170 bar. 

2. Verfahren nach Anspruch 1 , worm die oder jede Extrusion in Gegenwart ernes therapeutischen 
so Mittels durchgefuhrt wird. 

3. Verfahren nach Anspruch 2, das den zusatzlichen Schritt der Trennung von Liposomen mit 
eingekapseltem therapeutischem Mitt el von nicht eingekapsettem therapeutischem Mtttel einschlie&t. 

4. Verfahren nach einem der vorhergenden AnsprGche, worin die Oder eine letzte Extrudierung der 
aufeinanderfolgenden Extrudierungen der letzte Schritt im Herstellungsverfahren ist. 

55 5. Verfahren nach einem der vorhergenden AnsprGche, worin die Liposome durch wenigstens eine 
Dusenoffnung bei einem Druck bis zu 2070 bar gepre&t werden. 

6. Verfahren nach einem der vorhergehenden AnsprGche, worin die Liposome aus Lipiden, 
einschlieBlich Phospholipiden, Makromolekulen, Cholesterinen, Amphiphilen oder einem Gemisch hiervon 
zusammengesetzt werden. 

so 7. Liposom, hergestellt nach dem Verfahren eines der vorhergehenden AnsprGche und ein Bis- 
anthracyclin, wie in dem EuropSischen Patent Nr. 4467 beansprucht, enthaltend. 

Revendications 

ss 1. Proc6d6 de production de liposomes de taille uniforms, consistant a former des liposomes a des 
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tailles relativement statistiques et a diminuer leur taitle par extrusion des liposomes de tattle statistique a 
travers au moins un orifice a une pression d'au moins environ 1170 bars. 

2. Procede seion la revendication 1, ou la ou chaque extrusion est effectuee en presence d'un agent 
th'rapeutique. 

s 3. Procede" selon la revendication 2, qui comprend I'etape supplemental de separer les liposomes ou 
est encapsule* I'agent tterapeutique, de i'agent the>apeutique non encapsule\ 

4. Proc6de selon Tune quelconque des revendications precedentes, oD I'extrusion ou ia derniere 
extrusion desdites extrusions successives est I'etape finale du precede* de preparation. 

5. Procede selon I'une quelconque des revendications precedentes, ou les liposomes sont forces a 
iQ travers au moins un orifice a une pression pouvant atteindre 2070 bars. 

6. Procede selon 1'une quelconque des revendications precedentes, ou tesdits liposomes se com pose nt 
de Itpides comprenant des phospholipides, des macromotecules, des cholesterols, des amphiphiles, ou un 
melange. 

7. Liposome prepare par le procede selon I 'une quelconque des revendications precedentes, ou est 
ts incorporee une bis-anthracycline telle que revendiquee dans le Brevet Europeen IM° 4467. 
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